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Report on Groundwater Modelling of Potential Development 
Impacts 
Proposed Manufactured Housing Estate 
40-80 and 82 Chapmans Road, Tuncurry 

1. Introduction 

This report presents the results of groundwater modelling of potential development impacts 
undertaken for the proposed manufactured housing estate at 40-80 and 82 Chapmans Road, 
Tuncurry. The investigation was commissioned by Allam MHE Developments No. 2 Pty Ltd (Allam) 
on 26 November 2024and was undertaken in line with Douglas Partners Pty Ltd (Douglas) 
proposal 2195396.00.P.005.Rev0 dated 26 November 2024. The site is shown on Drawing 1, 
Appendix A. 

It is understood that the proposed development comprises a manufactured housing estate 
which will be constructed on imported fill.  There has been no specific request for information 
(RFI) from Mid Coast Council (MCC) regarding groundwater for the proposed development at this 
stage, however, previous submissions between Allam and MCC have resulted in RFI from MCC.  
The purpose of this report is to provide information to MCC in anticipation of MCC comments/RFI. 

This report should be read in conjunction with all appendices including the notes provided in 
Appendix B. 

2. Scope of Work 

The scope of work comprised following: 

• Brief review of available existing data comprising geological maps, topographic data, 
registered groundwater bores and salinity mapping; 

• Summary of subsurface conditions from previous investigations by Douglas; 

• Preparation of a conceptual hydrogeological model (CHM); 

• Groundwater modelling of the site under two scenarios (pre-development and post 
development) using MODFLOW; and 

• Preparation of this report including results of groundwater modelling, estimated 
groundwater impacts and recommendations for future work. 

For the purposes of this report the following documents were provided: 

• ADW Johnson (ADWJ) Detail and Contour Survey - 190835-DET-001-A, revision A; 

• Concept Engineer Plans – ADWJ - 190835-CENG- revision A dated 09/12/2024; 

• Master Plan – ADWJ – 190835-MP- revision K dated 09/12/2024; 

• Catchment Plans – ADWJ – 190835-WCMP – revision A dated 29/11/2024; 

• Regional Geotechnical Solutions Pty Ltd (RGS) Detailed Site Investigation (RGS, 2022); and 
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• Regional Geotechnical Solutions Pty Ltd (RGS) Addendum to Detailed Site Investigation – 
Contamination Assessment (RGS, 2023). 

3. Proposed Development 

Reference to provided Master Plan (ADWJ – 190835-MP- revision K dated 09/12/2024) design 
surface provided by ADWJ and recent discussions with ADWJ, it is understood that the proposed 
development comprises the following (see Figure 1): 

• Construction of engineered fill platform up to about 3.5 m above current surface (design RL 
2 to RL 5 m AHD) across majority of the site, sand or other MCC approved fill material; 

• Construction of 283 manufactured homes, community centre and internal roads on the fill 
platform; 

• Construction of access road to off Chapmans Road; and 

• Stormwater infrastructure (see below for detail). 

 
Figure 1: Proposed development (Master Plan – ADWJ – 190835-MP- revision K dated 
09/12/2024) 



  Page 3 of 35 

 

Proposed Manufactured Housing Estate 219536.00.R.010.Rev1 
40-80 and 82 Chapmans Road, Tuncurry January 2025 

Reference to Stormwater Plans (ADWJ drawing 190835-CENG-401 to 414 revision A) on site 
stormwater is managed in six catchments (‘Catchment 1’ to ‘Catchment 6’).  Stormwater from 
Catchment 1 to Catchment 4 is managed on site with stormwater from each catchment 
managed with two raingardens and one detention basin whereas Catchment 5 and Catchment 
6 drain to existing stormwater infrastructure along Chapmans Road.  In a storm event which 
overflows the detention basins  

• Catchment 1 drains to Chapmans Road; 

• Catchment 2 drains to a C2 zoned piece of land in the south-west corner of the site; 

• Catchment 3 drains to a C2 zoned piece of land in the north-east corner of the site; and 

• Catchment 4 drains to a C2 zoned piece of land in the south-east corner of the site. 

 
Figure 2: Proposed stormwater catchments ADWJ drawing 190835-CENG-401 revision A 
dated 09/12/2024 

Reference to Stormwater Plans and recent discussions with ADWJ the proposed stormwater 
management for each catchment (except Catchment 5 and 6) is as follows: 

• Stormwater collected from the catchment via pit and pipe. 

• Stormwater enters a ‘splitter pit’ and is split between two raingardens (‘A’ and ‘B’). The 
raingardens are un-lined and infiltrate run-off through filter media into the underlying 
subsurface. The raingardens have been designed handle less than 3 month annual return 
interval (ARI) storm events. 
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• In the event of a >3 month ARI storm event, the stormwater is designed to overflow from the 
raingardens via a 3 m wide spillway into a single detention basin which is un-lined and 
infiltrates run-off through filter media (same as raingardens). 

• In an emergency, stormwater can overflow the detention basin via a 5m wide spillway and 
level spreader. 

Therefore, under average rainfall conditions, it would be expected that the rain gardens accept 
all site stormwater and the detention basins are not utilised. 

Pertinent details obtained from the stormwater plans are summarised in Table 1 below. 

Table 1: Raingarden and detention basin details (ADWJ drawing 190835-S2-WCMP-001 to 009 
Rev A dated 29/11/2024) 

Catchment 
Catchment 

area (Ha) 

Raingarden Detention basin 

Base RL 
Total base 
area (m2)* 

Base RL 
Approx base 
area (m2)** 

1 4.4 2.4 697 2.0 769 

2 6.3 2.3 1411 1.9 2286 

3 2.0 3.1 490 2.7 640 

4 2.63 3.1 665 2.7 740 
Notes to table: 
* Sum of Raingarden A and Raingarden B 
** Base area scaled off Stormwater Plans and therefore approximate only. 
RL Reduced level (m AHD) 

4. Site Description 

Site identification information is presented in Table 2, with site shown in aerial (Figure 3) and 
drone photo (Figure 4) below. 

Table 2: Site Identification 

Item Details 

Allotment Identification Lot 100 DP 1286524 and Lot 11 DP 615229 

Street Address 40-80 Chapmans Road and 82 Chapmans Road 

Locality Tuncurry, NSW 

Site Area (approximately) 22.5 ha 

Local Government Area Mid Coast Council (MCC) 

Current Zoning 
R2 – Low density residential 

E2 – Environmental conservation 

Current Land use Vacant 
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Figure 3: The ‘site’, approximate site boundary shown in red (base map from Sixmaps) 

 
Figure 4:  The ‘site’ shown in red (photo provided by ADW Johnson dated 19 November 2024) 
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At the time of most recent field work (5 November 2024) the lot was undeveloped with a fill 
platform approximately 1 m thick in the central portion of the site (see Figure 4 above).  ‘End-
dump’ stockpiles of soils and stockpiles of materials (pallets, concrete pits, brick, sheet metal, 
wood) are in the central portion of the site, on top of the fill platform.  

Additionally, there was a stockpile of sand in the eastern portion of the site (see Figure 4 above) 
which was observed by Douglas to be imported during December 2023 field work.  Site personnel 
at the time indicated this sand material was sourced from dredging of Coolongolook River nearby 
Forster Tuncurry Bridge. 

The eastern and western portions of the site did not appear to be filled and were undeveloped 
with stockpiles of mulch, probably from recent removal and subsequent mulching of mature 
vegetation such as trees. Vegetation across the site comprised mainly ‘slashed’ grass and some 
denser bushes typically on soil stockpiles. 

5. Published Data 

5.1 Topography 

Detailed survey of the site was only available for the north eastern area of the site.  Reference to 
detailed survey by ADW (project 190835-DET-001-A, copy provided in Appendix A) indicates the 
site levels as of July 2022 are as follows:  

• Western and eastern portion of the site – in the order of RL 0.5 (m AHD) to RL 1.5; and 

• Central portion of the site – in the order of RL 1.5 to RL 4.5. 

Reference to NSW Spatial Services 1 m Digital Elevation Model (DEM) for Bulahdelah and Forster 
dated 2012 indicates the following: 

• The site has an elevated area in the  north east (see above detailed survey), generally the 
remainder of the site is at around RL 2.5 in the eastern area of the site sloping down to the 
west to a minimum of around RL 0.5; and 

• Regional topography to be in the order of RL 0 at Wallamba River to the west of the site, 
grading to RL 7 to the east of the site, with an overall slope dipping to the west/south west. 

5.2 Geology 

Reference to NSW Seamless Geology map indicates the following (see Figure 5): 

• Quaternary aged coastal deposits (QH_br in Figure 5), which typically comprises sand, shell 
and gravel – eastern area of the site; 

• Quaternary aged estuarine tidal-delta flat (QH_et in Figure 5), which typically comprises sand, 
silt, clay shell and gravel – central area of the site; and 

• Quaternary aged clastic sediments (QH_af), which typically comprise silt, sand and clay – on 
some western parts of the site. 
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Figure 5: Geology mapping, site shown in red 

5.3 Registered groundwater bores 

An on-line records search of groundwater wells registered with the NSW Office of Water indicated 
the absence of registered wells on the site (see Figure 6). 
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Figure 6: NSW registered groundwater bores, site boundary shown in red outline. 

Numerous registered wells were within 500 m of the site, details are summarised below in Table 
3. 
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Table 3: Registered groundwater monitoring wells (within 1km of the site) 

Bore ID 
Easting, 
northing 

Bore 
depth  

(m bgl) 

Depth to 
GW 

(m bgl) 

Subsurface 
logged 
(m bgl) 

Purpose 
Distance 
from site 

(m) 

GW200229 451773, 
6441839 

9.0 2.7 Sand (0-9.0) Recreational 400 m 
south-east 

GW080297 451877, 
6442028 

9.0 2.7 Sand (0-9.0) Not 
available 

450 m 
east 

GW201112 451123, 
6442650 

7.0 2.0 Not available Irrigation 480 m 
north 

GW047063 451593, 
6442629 

8.0 - Soil humus 
(0-0.3) 

Sandstone 
(0.3-8.0) 

Mining 550 m 
north 

GW047062 451619, 
6442691 

8.0 - Soil humus 
(0-0.3) 

Sandstone 
(0.3-8.0) 

Mining 600 m 
north 

GW078865 451443, 
6441089 

3.0 1.2 Gravel/sand 
(0-3.0) 

Monitoring 650 m 
south 

GW202224 451984, 
6441465 

7.0 - Topsoil/sand 
(0-7.0) 

Domestic 700 m 
south east 

GW078867 452095, 
6441769 

7.5 2.73 Sand (0-7.5) Monitoring 750 m east 

GW78858 451915, 
6440968 

22.0 - Sand (0-21.0) 

Clay (21.0-
22.0) 

Monitoring 950 m 
south east 

Notes to table: 
m bgl   metres below ground level 
GW  Groundwater 

The registered bores within the vicinity of the site generally indicate a sandy subsurface profile 
with groundwater observed during drilling at depths between 1.2 m and 2.73 m.  It should be 
noted that groundwater levels are affected by factors such as climatic conditions and soil 
permeability and therefore vary with time. 

Additionally, clay was recorded on the drilling log for GW78858 at a depth of 21 m.  

5.4 Surface water 

The surface water features in the vicinity of the site as follows: 

• Table drain along Chapmans Road, directly north and west of the site; 

• Unnamed channel, approximately 25 m south of the site;  

• Lake at the racecourse, approximately 150 m north of the site; and 
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• Wallamba River, approximately 475 m west of the site. 

The local surface flow direction is likely to be to the west (toward Wallamba River). 

5.5 Salinity 

With reference to NSW Department of Planning and Environment eSPADE mapping indicates a 
data node approximately 25 m north-west of the site has “salting evident”. This suggests 
potentially high salinity conditions in soils within the vicinity of the site. 

5.6 Acid sulfate soils 

Reference to NSW Acid Sulfate Soil Risk map indicates that there is a high probability of acid 
sulfate soil occurrence within 1 m of the ground level at the site (see Figure 7). 

 
Figure 7: High probability of ASS (in red), low probability of ASS (in orange), site boundary 
shown in black outline 

5.7 Groundwater dependant ecosystems (GDEs) 

A review of the Bureau of Meteorology (BOM) Groundwater Dependant Ecosystems Atlas 
indicates the following: 

• On site: 

o The south western, north eastern and south eastern areas of the site are mapped as low 
to high potential for terrestrial GDE (swamp paperbark, swamp mahogany, swamp oak, 
saw sedge, baumea juncea grasses, banksia) (see red and orange areas on Figure 8); 
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• Off site: 

o Various areas in the vicinity of the site are mapped as low to high potential for terrestrial 
GDE (swamp paperbark, swamp mahogany, swamp oak, saw sedge, baumea juncea 
grasses, banksia) (see red and orange areas on Figure 8);  

o Wallamba River (approximately 300 m west of the site) as high potential for aquatic GDE 
(see blue area on Figure 8). 

 
Figure 8: High potential for terrestrial GDE (red), medium potential for terrestrial GDE 
(orange), high potential for aquatic GDE (blue), site boundary shown in red outline. 

6. Previous Investigations 

6.1 Detailed site investigation – Regional Geotechnical Solutions (RGS, 2022; RGS, 2023) 

Regional Geotechnical Solutions (RGS) has undertaken a detailed site investigation for 
contamination at the site in 2022 (RGS, 2022). Following council comments an addendum to the 
detailed site investigation was also undertaken (RGS, 2023). Scope of work for this previous 
investigation by RGS included site walkover, excavation of 55 test pits, installation of four wells, 
soil and water sampling and analysis of collected samples for testing. 

During the site walkover by RGS on 4 October 2022 the site was described as follows: 

• The eastern and western portions of the site are cleared of mature trees with mulching in 
progress; 

• The central portion of the site has been extensively filled above natural grade; 
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• An asphalt access road, from Chapmans Road to the central portion of the site; and 

• Various stockpiles of materials such as aggregate, road base, gravel, vegetation and 
anthropogenic materials scattered across the site. 

Subsurface conditions encountered in test pits generally comprised: 

• Fill: 

o In above ground stockpiles, generally in the eastern portion of the site, generally 
comprising of sandy gravelly CLAY / sandy GRAVEL / clayey gravelly SAND / sandy 
GRAVEL; 

o In the central portion of the site, generally comprising SAND with some shell; underlain 
by 

• Sand / clayey sand (slightly indurated in areas): grey / pale grey to termination depth with 
maximum investigation to 2.6 m below ground level. 

Groundwater monitoring wells (MW1 to MW4) were installed on 7 September 2022 by RGS. The 
monitoring wells were installed using a 6T Excavator with 100 mm diameter auger to depths of 
2.0 m. Locations of MW1 to MW4 are included on Drawing 1, Appendix A and borehole logs are in 
Appendix C.  

Subsurface conditions encountered in MW1 to MW4 generally comprised: 

• Fill / topsoil / clayey sand: dark grey / black, some roots to depths of between 0.2 m to 0.7 m; 
underlain by 

• Sand / clayey sand (slightly indurated in areas): pale grey / grey / pale brown / dark brown to 
the termination depth of 2.0 m. 

Groundwater was observed at depths between 0.5 m and 1.0 m during drilling. 

Groundwater monitoring well construction details were not provided on borehole logs by RGS.  
MW1, MW3 and MW4 were inspected by Douglas in May 2023, at the time of inspection MW2 was 
destroyed. A summary of the observed monitoring well construction is provided in Table 4. 

Table 4: Groundwater monitoring well construction (MW1, MW3 and MW4) 

Well Depth (m) Screen length (m) 
Depth to bottom of 

screen (m) 

MW1 2.0 1.5 2.0 

MW2 Destroyed prior to May 2023 

MW3 2.0 1.5 2.0 

MW4 2.0 1.5 2.0 
Notes to table: 
Screen lengths were measured with a steel tape and are therefore approximate only. 

It should be noted that groundwater levels are affected by factors such as climatic conditions and 
soil permeability and will therefore vary with time. 
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6.2 Groundwater study and preliminary groundwater investigation – Douglas (Douglas, 
2023; Douglas, 2024a) 

Douglas has previously completed a Groundwater Study for 40-80 Chapmans Road, Tuncurry 
(Douglas, 2024a) and a Preliminary Groundwater Investigation at 82 Chapmans Road, Tuncurry 
(Douglas, 2023).  Pertinent results are summarised below. 

The general subsurface conditions at Bore 101 to Bore 104 comprised the following: 

• Sandy silt/silty sand (topsoil): Generally comprising dark brown, sandy silt/silty sand with 
rootlets to depths of between 0.1 m and 0.2 m below ground level (bgl). Encountered in all 
bores except Bore 102; 

• Silty sand/sand: Dark brown/brown/pale brown/pale grey, silty sand / sand, with varying 
proportions of silt to the termination depth of 2.75 m bgl (limit of investigation). 

Locations of MW1, MW3, MW4 and 101 to 105 is shown in Drawing 1, Appendix A and borehole logs 
are in Appendix C. 

In-situ hydraulic conductivity testing was completed at MW1, MW3, MW4 and 101 to 104 during 
field work.  Copies of the analysis sheets are in Appendix C with the results are summarised below. 

Table 5: Summary of in-situ hydraulic conductivity tests (Douglas, 2023; Douglas, 2024a) 

Well 
Material 
screened 

Well construction 

Number 
of tests 

Estimated horizontal 
hydraulic conductivity 

(Hvorslev, 1951) 

Casing 
radius 

(m) 

Gravel 
radius 

(m) 

Effective 
screen 
interval 

(m) 

m/second m/day 

MW1 Sand 0.025* 0.075* 1.5* 4 0.1 to 1.3 x 10-4 1 to 11 

MW3 
Clayey 
sand 

0.025* 0.075* 1.5* 4 2.0 to 7.7 x 10-5 2 to 7 

MW4 
Clayey 
sand 

0.025* 0.075* 1.5* 7 0.3 to 1.6 x 10-4 5 to 14 

101 Sand 0.025 0.075 1.56 4 7.3 to 8.8 x 10-5 6 to 8 

102 Sand 0.025 0.075 1.65 3 1.6 to 3.8 x 10-5 1 to 3 

103 Sand 0.025 0.075 1.75 4 6.5 to 7.4 x 10-5 6 to 7 

104 Sand 0.025 0.075 1.75 4 0.9 to 1.1 x 10-4 8 to 10 
Notes to table: 
*  Well construction detail not available, value assumed 

In-situ screening of surface waters for field parameters, measured using a hand-held calibrated 
meter on 1 May 2023 (locations W1 to W13) and 28 June 2023 (locations W101 and W102). The 
locations were screened to give a broader understanding of water quality in nearby surface water 
bodies. Locations are shown in Figure 9 and results are summarised in Table 6. 
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Figure 9: Approximate location of surface water screening (W1 to W13, W101 and W102)
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Table 6: Summary of Field screening of surface waters  (Douglas, 2023; Douglas, 2024a) - W1 to W13 (1/5/2023) and W101 to W102 
(28/6/2023) 

Location Easting Northing 
RL 

(AHD) 
Temperature pH 

EC 
(mS/cm) 

ORP 
(mV) 

DO 
(mg/L) 

Turbidity 
(NTU) 

On 
site 

W1 
Low lying area, south 
eastern portion of the 

site 
451321 6441984 1.4 24.5 7.0 0.27 81 5.8 1 

On 
site 

W2 
Low lying area, north 
eastern portion of the 

site 
451367 6442063 1.5 21.3 5.6 0.29 154 4.9 28 

On 
site 

W3 
Low lying area, 

northern boundary of 
the site 

451230 6442138 1.1 21.2 6.2 0.60 -3 1.1 >1000 

On 
site 

W4 
Low lying area, 

northern boundary of 
the site 

451180 6442152 1.1 22.5 6.3 0.51 -25 2.3 157 

On 
site 

W101 
Surface water body, 

western portion of the 
site 

450929 6441937 - 11.7 8.0 0.408 67 11.6 110 

On 
site 

W102 
Surface water body, 

eastern portion of the 
site 

451370 6441908 - 12.3 6.3 0.111 155 5.9 410 

Off 
site 

W5 
Surface water body, 

Tuncurry Lakes Resort 
450423 6441736 0.1 22.6 6.8 23.00 83 5.4 2 

Off 
site 

W6 Wallamba River 450292 6441654 0.1 22.2 7.0 21.20 54 6.4 5 

Off 
site 

W7 
Table drain, north side 

of Chapmans Road 
450625 6441744 0.5 19.4 7.5 0.97 -19 6.7 3 
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Table 6: Summary of Field screening of surface waters  (Douglas, 2023; Douglas, 2024a) - W1 to W13 (1/5/2023) and W101 to W102 
(28/6/2023) 

Location Easting Northing 
RL 

(AHD) 
Temperature pH 

EC 
(mS/cm) 

ORP 
(mV) 

DO 
(mg/L) 

Turbidity 
(NTU) 

Off 
site 

W8 
Table drain, south side 

of Chapmans Road 
450700 6441820 0.6 20.5 6.8 0.07 3 6.5 42 

Off 
site 

W9 
Table drain, south side 

of Chapmans Road 
450816 6441987 0.5 20.1 7.4 0.42 21 6.9 43 

Off 
site 

W10 
Surface water body, 

racecourse 
451320 6442876 0.5 21.4 8.0 0.35 42 10.3 7 

Off 
site 

W11 
Concrete lined drain 

adjacent to Viola 
Circuit 

451670 6441747 1.8 19.7 7.7 0.26 56 6.0 54 

Off 
site 

W12 Wallamba River 451278 6439501 0.3 21.4 7.4 41.00 115 6.6 6 

Off 
site 

W13 Coolongolook River 452842 6439352 0.3 21.5 7.8 49.40 79 6.5 2 

Notes to table: 
Co-ordinates of tested locations were measured using a hand-held GPS and therefore coordinates are approximate only. 
EC – electrical conductivity  
NTU – Nephelometric Turbidity Units 
DO – dissolved oxygen 
ORP – oxidation reduction potential 
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6.3 Infiltration testing – Douglas (Douglas, 2024b) 

Douglas has previously conducted infiltration testing at the site at 12 locations (201 to 212). The 
location of 201 to 212 is shown in Drawing 1, Appendix A.  Infiltration testing included excavation 
of a test pad to a depth below topsoil, double ring infiltrometer testing in the stripped surface, 
and drilling of a hand auger (to observe groundwater).  The testing included testing within 
existing site filling, as well as within natural soils. 

Locations of 201 to 212 is shown in Drawing 1, Appendix A and borehole logs and double ring 
infiltrometer sheets are in Appendix C with the results are summarised below in Table 7 and 
groundwater observations during testing in Table 7. 

Table 7: Summary of double ring infiltrometer testing 

Location Soil tested 
Depth tested Estimated infiltration rate  

Estimated vertical 
saturated 
hydraulic 

conductivity* 

m m/s mm/hour m/s 

201 Fill/sand 0.5 3.6 x 10-4 1290 3.3 x 10-4 

202 
Sand with 

silt 
0.2 2.2 x 10-5 79 1.9 x 10-5 

203 Sand 0.2 1.7 x 10-4 597 1.5 x 10-4 

204 Sand 0.2 2.8 x 10-5 99 1.4 x 10-5 

205 Sand 0.2 6.6 x 10-6 23 2.2 x 10-6 

206 Sand 0.3 5.2 x 10-5 186 4.0 x 10-5 

207 Fill/sand 0.1 5.7 x 10-4 2058 5.2 x 10-4 

208 Fill/sand 0.2 8.0 x 10-4 2872 6.4 x 10-4 

209 Fill/sand 0.0 9.5 x 10-4 3412 8.6 x 10-4 

210 Fill/sand 0.2 1.2 x 10-4 449 1.2 x 10-4 

211 
Clayey 
sand 

0.3 Infiltration not observed over 45 minutes 

212 
Clayey 
sand 

0.2 Infiltration not observed over 20 minutes 

Notes to table: 
* Estimated using the method presented in a paper in the Journal of Geotechnical Engineering (Daniel, D.E., 1989). 
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Table 8: Summary of groundwater observations (30/11/2023 and 1/12/2023) 

Bore Surface level (AHD) 
Depth to 

groundwater (m) 
Groundwater level 

(AHD) 

201 2.1 NE to 1.0 - 

202 1.5 0.90 0.55 

203 1.7 0.80 0.89 

204 1.1 0.30 0.76 

205 1.0 0.45 0.58 

206 1.3 0.60 0.67 

207 2.1 NE to 0.9  - 

208 2.9 NE to 0.4 - 

209 2.7 NE to 0.3 - 

210 2.3 NE to 1.2 - 

211 0.7 0.35 0.36 

212 0.8 0.35 0.40 
Notes to table: 
NE Not encountered 

6.4 Groundwater monitoring – Douglas (Douglas, 2024c) 

Douglas has conducted groundwater level monitoring at the site with dataloggers at eight 
locations across the site. Groundwater level is monitored using a datalogger which is installed in 
each monitoring well and measures water pressure at 20-minute increments.   

The purpose of the monitoring is for the assessment and comment on short-term and long-term 
trends in groundwater levels (groundwater fluctuations). Monitoring conducted to date is 
summarised in Table 9. 
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Table 9: Summary of groundwater monitoring conducted to date 

Well 
Monitoring 

commenced 
Monitoring 
concluded 

Total months of data 
capture 

MW1 May 2023 November 2024 19* 

MW3 May 2023 Ongoing 19 

MW4 May 2023 Ongoing 19 

101 August 2023 Ongoing 16 

102 August 2023 Ongoing 16 

103 August 2023 Ongoing 16 

104 August 2023 Ongoing 16 

105 August 2024 Ongoing 3 
Notes to table 
* MW1 datalogger malfunctioned between November 2023 to August 2024 therefore data is approximate only. 

Summary of groundwater depths and levels measured to date is provided in Table 10. 

Table 10: Summary of groundwater depth and level (MW1, MW3, MW4 and 101 to 105) 

Well 
Well depth 

(m) 

Range of groundwater depth 
(m) 

Range of groundwater level 
(RL - AHD) 

Min Max Min Max 

MW1 2.0 -0.2* 0.9 0.6 1.7* 

MW3 2.0 0.0 0.8 0.3 1.1 

MW4 2.0 0.5 1.3 0.2 1.1 

101 2.75 0.0 1.1 0.7 1.8 

102 2.75 0.1 1.3 0.5 1.6 

103 2.75 -0.2 0.6 0.2 0.9 

104 2.75 -0.2 0.5 0.1 0.8 

105 1.93 0.5 0.8 1.0 1.3 
Notes to table 
RL  Reduced level (m AHD) 
m bgl  metres below ground level 
*  Datalogger malfunction, therefore is considered approximate only 
Negative depths indicate ponding above the surface 

For rainfall up to 5 February 2024 the data is plotted against composited rainfall data from five 
Bureau of Meteorology (BOM) weather stations at (Wootton, Bungwahl, Old Bar, Forster and 
Taree Airport).  On 6 February 2024 a site rainfall gauge was installed by ADW Johnson and 
therefore from 6 February 2024 onwards the data is plotted against site rainfall gauge.  
Datalogger data collected to date, plotted against rainfall is included in Appendix C.  
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7. Groundwater Flow 

Estimated groundwater contours representing conditions on 5 November 2024 are presented on 
Figure 10 and are based on groundwater levels measured at MW1, MW3, MW4, 101 to 105 on 5 
November 2024. 

The relative differences in groundwater levels between monitored wells has been generally 
maintained throughout groundwater monitoring to date (see Figure 1 and Figure 2, Appendix C).   

Estimated groundwater contours from manual gauging on 5 November 2024 are shown in Figure 
10.  Groundwater contours suggest groundwater to be flowing to the west on the date dipped. 

 
Figure 10: Estimated groundwater contours 5 November 2024 in blue, inferred groundwater 
flow direction shown as red arrows, site boundary shown in red outline. 

8. Conceptual Hydrogeological Model 

8.1 Pre-development 

Groundwater strata beneath the site comprise unconfined aquifers within alluvial/aeolian sands 
of relatively high permeability (see Section 6.2). This unconfined aquifer is understood to be 
primarily sandy with a high transmissivity for groundwater flow, noting that permeability of soils 
may decrease with clastic sediments to the west of the site (closer to Wallamba River). Lower 
permeability layers or lenses, comprising silt or indurated sand may also be present, but these are 
not expected to be confining layers.  
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Based on previous site investigations in Tuncurry by Douglas, the base of the unconfined aquifer 
is at least 10 m deep, with registered bore GW78858 about 950 m south east of the site suggesting 
clay at a depth of 21 m (see Section 5.3).   

Groundwater flow is typically following surface topology, which is generally to the west (see 
Section 7), however flow directions may potentially be dependent on seasonal conditions. 

The groundwater monitoring for the site to date indicates the groundwater at the site within less 
than a metre of the surface during dryer periods and reaching the ground surface during wetter 
periods such as occurred in April and May 2024, reaching the surface. Shallower groundwater is 
present in the western area of the site (Well 103 and 104), where groundwater levels were 
observed to be at or above the ground surface on occasion, particularly often between May 2024 
to November 2024.  Additionally, lower infiltration rates were observed during infiltration testing 
in the western area of the site.  These lower rates may be attributable to the shallow depth to 
water table in that area of the site.  

Groundwater levels are responsive to rainfall events and the groundwater levels fall relatively 
quickly after these events, generally returning to previous levels within about a week in the 
absence of additional rainfall  Based on analyses of a selection of isolated rainfall events (10 and 
19 February 2024, 4 and 30 April 2024 and 23 October 2024) which coincide with site rainfall gauge 
readings of between 31 mm to 187 mm per day, the ratio of the response of groundwater level 
compared to rainfall amount for each event ranged from about 1 to 10 across monitored wells. 
Assuming 30% recharge, this is equivalent to a specific yield of between about 0.04 and 0.35. 

Groundwater recharge will generally be controlled by rainfall. Surface water bodies within the site 
may be sources of recharge and may locally mound groundwater.  The surface water body at the 
racecourse to the north of the site may be an additional source of recharge and discharge and 
may impact groundwater flow directions.   

During and after relatively wet rainfall conditions groundwater levels can be expected to come 
close to or above the surface and groundwater flows may be locally affected by surface drainage 
features (if any) or surface topography, and may follow the surface water flow directions as shown 
by the blue arrows on Drawing 1, Appendix A.  Due the high transmissivity of the aquifer, as well 
as likely high evapotranspiration levels due to shallow groundwater, levels can be expected to fall 
relatively quickly in periods of drier rainfall conditions.   

When groundwater levels fall below the surface then groundwater flow directions are likely to 
become more regional and controlled by the larger permanent surface water features, with flow 
approximately to the west as shown by the red arrows on Drawing 1, Appendix A. 

A residual rainfall mass balance (RRMB) has also been undertaken on the long-term rainfall 
records from Taree Airport (AWS), which have been collected by BOM continuously since 1997 to 
November 2024. A RRMB provides a cumulative plot of above or below average rainfall over the 
length of the rainfall records. A slope upwards on the plot indicates above average rainfall 
whereas a slope downward indicates below average rainfall (over the length of rainfall records). 
The RRMB calculated from Taree Airport (AWS) rainfall records is shown in Figure 11. 
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Figure 11: Residual rainfall mass balance (RRMB) from Taree Airport (AWS). 

The RRMB plot indicates generally increasing overall trend in rainfall since about 2021, with below 
average rain for much of the monitoring period since mid-2023. September/October 2024 have 
seen upwards trending above average rainfall.  

Groundwater levels in many aquifers often have similar trends to the RRMB trend line, however 
in this case the aquifer is highly constrained by boundary conditions, especially the surface, and 
therefore water levels are more related to shorter terms rainfall events.  Lower bound water levels 
are constrained by the relatively close river with groundwater levels after extended periods 
unlikely to drop below average tide levels. 

8.2 Post-development 

The following components of the proposed development have the potential to impact 
groundwater: 

• The construction of impervious surfaces such as building roofs, footpaths and roads will 
reduce both recharge and evapotranspiration on much of the site and concentrate recharge 
into raingardens/basins, resulting in groundwater mounding; 

• Vegetation removal (trees, shrubs, grass etc) may reduce evapotranspiration and infiltration 
rates whilst maintaining/increasing recharge, resulting in groundwater mounding; 

• Filling above current site levels provides the opportunity for elevated groundwater within fill; 

• Raingardens/detention basins that infiltrate run-off into the unconfined aquifer may impact 
groundwater flows and quality; 

• If there are no controls, potential contamination to groundwater/surface water from site 
filling during and post development. 
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9. Numerical Modelling 

9.1 Overview 

A steady state groundwater model was considered appropriate to approximate long term 
average groundwater levels at the site.  The purpose of developing the steady state model was to 
approximately replicate the existing groundwater flow regime on the site and then use this 
model to estimate the potential for changed groundwater conditions as a result of the proposed 
development under steady state conditions.   

Based on the conceptual groundwater model, steady-state groundwater flow models were 
developed using the graphical user interface Visual MODFLOW Flex using MODFLOW 2005 
numerical engine. 

9.2 Model cases 

To estimate the degree of groundwater mounding prior to development and after development 
using a steady state model, two cases were modelled. The cases are as follows: 

• Pre-development - the current site and surrounds; and 

• Post-development - after filling of the site and construction of manufactured housing estate. 

Additionally, a sensitivity analysis was undertaken to understand the predictive modelling 
sensitivity to variability in seasonal conditions.  Sensitivity analysis was undertaken for the 
following scenarios: 

• Wet average conditions assuming 30% increase in rainfall compared to the base case; and 

• Dry average conditions assuming 30% decrease in rainfall compared to the base case. 

9.3 Model layers 

The groundwater system was represented by a single layer of sand which represents the 
unconfined aquifer. Based on previous site investigations in Tuncurry by Douglas, the base of the 
unconfined layer at the site has been assumed to be at RL – 20. It is noted that the bottom of 
unconfined aquifer may be shallower or deeper at the site however for this report, the depth of 
the natural sands are not considered to be a sensitive component of the modelling. 

The existing surface level of the model was based on NSW Spatial Services 1 m Digital Elevation 
Model (DEM) for Bulahdelah and Forster dated 2012. Contours of the surface elevation are shown 
below in Figure 21. 
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Figure 12: Pre development ground surface, 1 m contours (m AHD) imported into MODFLOW, 
site boundary shown in red outline 

9.4 Model extents and boundary conditions 

The extent of the model was set to boundaries which could be reasonably defined as follows: 

• The western extent of the model was approximately 500 m from site at Wallamba River and 
set as a constant head boundary condition of RL 0.5; 

• The eastern extent of the model was approximately 2000 m from the site at Pacific Ocean 
and set as a constant head boundary condition of RL 0.5; 

• The remaining extents were a minimum of 1500 m from the site. These boundaries are 
significantly distant from the site to reduce impacts on the model at the subject site. 

The overall size of the model was 5 km from the east to west and 4 km from the north to south, 
discretised using a non-uniform grid (focused on the site becoming coarser with distance from 
the site) of 602 columns and 712 rows rotated 80 degrees to approximately align parallel to 
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Chapmans Road.  The grid size was a maximum of 200 m by 200 m (off site) grading to a 
minimum of 1 m by 1 m (on-site). The size of the grid was selected to allow reasonable 
representation of the site, site specific features and proposed features including proposed 
raingardens. 

9.5 Model parameters 

Hydraulic parameters required for the model included hydraulic conductivity. Initial estimates 
were obtained from the particle size distribution and slug tests. The permeability of the sand was 
found to be in the range of 1.6 x 10-5 m/sec to 1.6 x 10-4 m/sec (geometric mean of 6.3 x 10-5). 
Parameters used in the development of the model were: 

• Horizontal Hydraulic conductivity (KH) = 6.3 x 10-5 m/sec; 

• Vertical to horizontal permeability ratio  = KV / KH = 0.2. 

Total porosity (TP) and effective porosity (EP) are also required for the model. Initial estimates of 
TP and EP were obtained from literature. Parameters used in the development of the model were: 

• TP = 0.3 

• EP = 0.3 

9.6 Recharge and Evapotranspiration 

Rainfall and runoff are the major components of aquifer recharge. As the runoff component is 
difficult to estimate and assumed to be minor compared to rainfall infiltration. As such, runoff was 
not included in the groundwater model.  

The site is located near to Taree Airport AWS (060141) weather station. According to data from 
Bureau of Meteorology (BOM) for this weather station between 1997 to November 2024: 

• Average monthly temperatures vary between 6.7°C (July) to 29.0°C (January).  

• Average monthly rainfall varies between 195 mm/month (March) and 44 mm/month 
(August). 

• Mean annual rainfall was reported as 1154 mm/year with a maximum annual rainfall of 
1970 mm/year (2022).  

Evapotranspiration (ET) data was obtained from BOM for Taree Airport AWS (060141) for a period 
of about four years (January 2020 to November 2024).  Average annual ET was reported to be 1181 
mm/year with a maximum ET of 1223 mm/year (2023). 

The mean annual rainfall was utilised in the model, then calibrated to adjust the percentage of 
rainfall entering the model to observed groundwater level in wells.  Calibrated recharges 
percentages are shown in Table 11 and initial evapotranspiration parameters are shown in Table 
12. 
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Table 11: Pre-development recharge parameters 

Mean annual rainfall 

(Taree Airport AWS 1997-2024) 

(mm/year) 

Calibrated recharge (% rainfall) 

Undeveloped areas Developed areas 

1154 20 10 

Table 12: Pre-development evapotranspiration parameters 

Mean evapotranspiration 

(Taree Airport AWS 2020-2024) 

(mm/year) 

Evapotranspiration (% ET)  
Extinction depth 

(m) Undeveloped 
areas 

Developed 
areas 

1181 50 50 2 

9.7 Visual MODFLOW Flex settings 

The following settings were selected in Visual MODFLOW Flex version 10 to best simulate 
conditions expected at the site: 

• Flow Type: Saturated (Constant Density); and 

• Numeric Engine: USGS MODFLOW 2005. 

9.8 Pre-development groundwater model 

Calibration of a flow model refers to the trial and error process by which model parameters are 
adjusted to produce an acceptable match between simulated and observed groundwater levels 
(during the monitoring period).  
 
The steady state calibration of three cases was aimed at reproducing the observed groundwater 
levels in groundwater monitoring wells on 5 November 2024 and expected flow patterns in the 
geometry of the model. Comparison of observed water level and modelled water level are 
shown below in Table 13. 
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Table 13: Calibration of model 

Well 
Observed water 

level (AHD) 
(05/11/2024) 

Modelled water level 
(AHD) 

Difference in 
calibration 

MW1 0.97 1.20 +0.23 

MW3 0.72 0.73 +0.01 

MW4 0.64 0.79 +0.15 

101 1.15 1.27 +0.12 

102 0.88 0.90 +0.03 

103 0.64 0.50 -0.13 

104 0.61 0.39 -0.21 

105 1.03 1.29 +0.27 

Average +0.06 

Overall, the model calibration provides an acceptable representation of the groundwater system 
and is considered suitable for the purposes of assessing the sensitivity of the groundwater system 
to changed induced by the proposed development.  

It is a noted that a steady state calibration is non-unique and that there is a range of possible 
combinations of hydraulic conductivity vs recharge which would produce a similar calibration.   In 
reality the hydraulic conductivity and therefore calibrated recharge could vary by about 50% to 
200%. The hydraulic conductivity adopted is expected to be moderately conservate and therefore 
actual hydraulic conductivity more likely to be on the higher side than lower.  For the purposes of 
assessment potential mounding due to the development each matching pair or 
recharge/hydraulic permeability would be expected to result in similar results, with higher 
permeability having slightly less mounding. 

The modelled groundwater levels for pre-development scenario are shown in Figure 13 below. 
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Figure 13: Pre-development – modelled groundwater elevation, 0.4 m contours, site 
boundary shown in yellow outline 

9.9 Post-development groundwater model 

Modelling the proposed development is based on pre-development model, with some changes 
relevant to proposed development.  Reference to provided Stormwater Plans (ADWJ drawing 
190835-32-WCMP-001 to 009 revision A dated 29/11/2024), it is understood that portions of the site 
are 0%, 50%, 75% and 90% impervious. 

 To model the post-development scenario, the following changes were made (relative to pre-
development scenario): 

• Surface contour at the site changed to filled levels based on supplied DEM; 

• Recharge at the site is modified proportional to % impervious (considering the calibrated 
recharge for undeveloped areas of the site was 20% rainfall); 

- 0% impervious: 20% rainfall; 

- 50% impervious: 10% rainfall; 

- 75% impervious: 5% rainfall; and 

- 90% impervious: 2% rainfall. 
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o Additional recharge in raingardens to account for run-off from impervious areas (see 
Table 14 below).   

- Catchment area, raingarden area and proposed development within each 
catchment is considered when calculating run-off and therefore is calculated for 
each Catchment separately.   

- Calculation of run-off assumes that all rainfall landing on impervious areas 
contributes to run-off proportional to % impervious, e.g. for 75% impervious areas, 
75% of rainfall contributes to run-off and is equally distributed over raingarden areas.  

Table 14: Post-Development Recharge in Raingardens 

Catchment 
Catchment 

area (m2) 
Total raingarden 

area (m2)* 
Direct rainfall in 
basin (% rainfall) 

Recharge from 
run-off (% rainfall) 

1 44000 697 

20 

4275 

2 73000 1411 2950 

3 20000 490 2675 

4 26300 665 2575 
Notes to table: 
* Sum of Raingarden A and Raingarden B 
RL Reduced level (m AHD) 

The modelled groundwater levels for pre-development scenario are shown in Figure 14 below 
and compared to pre-development scenario in Table 15. 
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Figure 14: Post-development – modelled groundwater elevation, 0.4 m contours, site 
boundary shown in yellow outline 

Table 15: Summary of modelling outputs 

Location 
Pre 

development 
Post 

development 

Predicted mounding (m) 

Base case Wet case Dry case 

MW1 1.20 1.79 0.59 0.65 0.48 

MW3 0.73 1.48 0.75 0.87 0.58 

MW4 0.79 1.44 0.65 0.74 0.52 

101 1.27 1.80 0.53 0.60 0.43 

102 0.90 1.38 0.48 0.57 0.38 

103 0.50 1.16 0.66 0.78 0.51 

104 0.39 1.06 0.67 0.80 0.51 

105 1.29 1.82 0.53 0.57 0.45 

Change of groundwater levels was also estimated at distances from the edge of the proposed 
development.  The estimated change of groundwater level is summarised below in Table 16. 
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Table 16: Comparison of the change of modelled groundwater level at distances from site 
boundary 

Distance from site (m) 
Change of water level between Pre and Post(m) 

Dry case Base case Wet case 

25 0.3 to 0.6 0.4 to 0.7 0.4 to 0.8 

50 0.3 to 0.5 0.3 to 0.6 0.4 to 0.7 

100 0.2 to 0.4 0.3 to 0.5 0.3 to 0.6 

200 0.1 to 0.3 0.2 to 0.4 0.2 to 0.4 

9.10 Limitations of modelling  

The precision of the results presented in Table 15 and Table 16 are not indicative of the accuracy 
of the modelling, the precision provided to allow comparison between pre and post development 
cases, with the actual accuracy less than the precision shown.   

It is considered that the modelling undertaken provides a reasonable representation of the 
average groundwater flow conditions occurring on the site for the periods of the modelling and 
provides an indication of the likely average groundwater mounding which may occur below the 
site and surrounds following development. It is noted that the model does not account for 
transient effects and mounding that will occur in the shorter term following specific rainfall 
events, a transient model would be required to assess this.  Similarly, localised effects in the 
immediate vicinity of any infiltration areas may be greater than presented in Table 15.  

Changes in longer term climatic conditions will have impacts on overall groundwater levels 
across the site and surrounds and this would include potential climate change effects.  Any future 
sea level changes would have a commensurate impact on groundwater level changes. 

10. Estimated Groundwater Impacts 

10.1 Proposed development impacts 

Based on Douglas’ understanding of the proposed development plans, the anticipated changes 
in site recharge conditions have been used to predict approximate average groundwater 
mounding below and around the site. 

The groundwater modelling predicts mounding of up to about 0.8 m may occur under the site 
under average rainfall conditions. 

These estimates are reliant on the type of fill placed and assume that sand filling will be used, and 
all low permeability being stripped from the site prior to filling.  For low permeability fill the 
degree of mounding would be expected to be less due to reduced recharge and for intermediate 
permeability such as a silty sand the mounding could be higher.  
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The most likely time for mounding to occur within the fill is during construction before 
impervious surfaces and surface drainage has been installed, however, this is highly weather 
dependant.  Mounding in the filling is only expected to be an issue when the water table comes 
within the depth of influence of building foundations, pavements and other infrastructure.  Once 
the site is fully developed mounding is expected to occur in the vicinity of infiltration areas 
following rainfall events. 

Higher mounding within the fill can be expected to occur in the following scenarios: 

• During and following above average rainfall. 

• During placement of filling and construction prior to construction of impervious areas 

• In the vicinity of infiltration areas, in particular during and following specific rainfall events.  

Short term mounding within the filling has some potential to impact on surface infrastructure 
such as building footings and road pavement and can be managed by appropriate installation of 
subsurface drainage with the fill.   

A number of measures can be used to limit the propensity for mounding in the fill: 

• Removal of all low permeability layers from the surface prior to placement of filling at the site.  
This is especially important if higher permeability filling is to be placed over. The need for 
removal of such material will depend on its lateral extent and what other measures are 
proposed to limit water levels as outlined below; 

• Placement of higher permeability material in the lower parts of the filling, with any lower 
permeability material used at higher levels to form a capping layer;  

• Installation of appropriate subsoil drainage about 1.0 to 1.5 m below the finished ground 
surface to protect pavements and building footings from saturation under more severe 
conditions; 

• If fill other than sand with minimal fines is used, then careful consideration should be given 
to the layering of such soils to prevent placing lower permeability soils below permeable soils.  
Lower permeability soils, if used, will reduce the effectiveness of subsoil drainage and are 
preferably placed near the upper sections of fill to provide a capping above drainage 
measures. 

Douglas has not specifically modelled the impacts of climate change which may have an overall 
impact on groundwater levels across the region commensurate with any changes in sea level 
that may occur in the future as well as potential changes in rainfall patterns.  Development 
impacts are generally expected to be incremental to the background conditions and therefore 
modelling of climate change scenarios is not considered necessary to assess the incremental 
impacts from the proposed development.  

10.2 Off site impacts 

Modelling predicts that average groundwater levels will be elevated within the vicinity of the site 
due to the groundwater mounding.  Under wet conditions the degree of mounding is predicted 
to be higher and lower under dry conditions. 

Modelling predicts that groundwater dependent ecosystems near to the site will experience a 
general elevation of water table due to the proposed development. 
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The results of the groundwater model indicate a general elevation of the groundwater table in 
the vicinity of the site, particularly in wetter conditions, however, these average levels are within 
the seasonal variations observed by groundwater monitoring to date. 

Given that some areas to the south and west of the site exhibit natural surface ponding of 
groundwater from time to time, this ponding can be expected to occur more often and to some 
increased extent under seasonally wetter conditions. The groundwater model is sensitive to 
regional permeability of subsurface soils.  A moderately conservative permeability has been 
utilised in the groundwater model therefore the mounding may be less than those predicted by 
the groundwater model (i.e. higher regional permeability would result in a reduction of 
groundwater mounding).  

11. Conclusions  

The results of the groundwater assessment indicate that there is potential for increases in 
groundwater levels below the site and surrounds within.   

Groundwater monitoring to date has shown these levels can come close to the surface following 
above average rainfall and this has the potential to affect surface infrastructure.  
Recommendations are provided to manage groundwater mounding within the site.  

The predicted average  level of mounding is within seasonal variations of groundwater level and 
reduces with distance from the site.  Therefore negative impacts to groundwater level from the 
proposed development are expected to be limited.  Additional surface ponding and groundwater 
seepage to surface drainage will likely occur on the surrounds of the site.  Reduced average water 
levels potentially affecting GDEs or existing registered wells are not expected to occur.  

The degree of groundwater mounding has been assessed against average groundwater level and 
average rainfall conditions over one month of groundwater monitoring and is therefore 
approximate only. Majority of the groundwater recharge is expected following large storm events 
and will result in a greater degree of mounding for these events due to above average recharge.  
A transient model would be required to quantify short term mounding.  

Ongoing groundwater monitoring would be helpful to further establish baseline conditions and 
monitor potential post development impacts.  
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13. Limitations 

Douglas Partners Pty Ltd (Douglas) has prepared this report for this project at 40-80 and 82 
Chapmans Road, Tuncurry with reference to Douglas' proposal 219536.00.P.005.Rev0 dated 26 
November 2024 and acceptance received from Stephanie Vanderent dated 26 November 2024.  
The work was carried out under Douglas' Engagement Terms.  This report is provided for the 
exclusive use of Allam MHE Developments No. 2 Pty Ltd for this project only and for the purposes 
as described in the report.  It should not be used by or relied upon for other projects or purposes 
on the same or other site or by a third party.  Any party so relying upon this report beyond its 
exclusive use and purpose as stated above, and without the express written consent of Douglas, 
does so entirely at its own risk and without recourse to Douglas for any loss or damage.  In 
preparing this report Douglas has necessarily relied upon information provided by the client 
and/or their agents. 

The results provided in the report are indicative of the sub-surface conditions on the site only at 
the specific sampling and/or testing locations, and then only to the depths investigated and at 
the time the work was carried out.  Sub-surface conditions can change abruptly due to variable 
geological processes and also as a result of human influences.  Such changes may occur after 
Douglas' field testing has been completed.  

Douglas' advice is based upon the conditions encountered during this investigation.  The 
accuracy of the advice provided by Douglas in this report may be affected by undetected 
variations in ground conditions across the site between and beyond the sampling and/or testing 
locations.  The advice may also be limited by budget constraints imposed by others or by site 
accessibility.  
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The assessment of atypical safety hazards arising from this advice is restricted to the groundwater 
components set out in this report and based on known project conditions and stated design 
advice and assumptions.  While some recommendations for safe controls may be provided, 
detailed ‘safety in design’ assessment is outside the current scope of this report and requires 
additional project data and assessment.   

This report must be read in conjunction with all of the attached and should be kept in its entirety 
without separation of individual pages or sections.  Douglas cannot be held responsible for 
interpretations or conclusions made by others unless they are supported by an expressed 
statement, interpretation, outcome or conclusion stated in this report.  

This report, or sections from this report, should not be used as part of a specification for a project, 
without review and agreement by Douglas.  This is because this report has been written as advice 
and opinion rather than instructions for construction. 
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Appendix A 
 

Drawing 1 – Site Plan and Inferred Surface Water 
and Groundwater Flow Directions 

Detailed Survey – ADW Johnson – 190835-DET-001-
A Revision A 

Concept Engineer Plans (ADW Johnson - 190835 -
CENG – Revision A dated 09/12/2024 

Master Plan – ADW Johnson – 190835 – MP – 
Revision K dated 09/12/2024 
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Introduction 
These notes have been provided to amplify 
Douglas’ report in regard to classification 
methods, field procedures and the comments 
section.  Not all are necessarily relevant to all 
reports. 

Douglas’ reports are based on information 
gained from limited subsurface excavations 
and sampling, supplemented by knowledge of 
local geology and experience.  For this reason, 
they must be regarded as interpretive rather 
than factual documents, limited to some 
extent by the scope of information on which 
they rely. 

Copyright 
This report is the property of Douglas Partners 
Pty Ltd.  The report may only be used for the 
purpose for which it was commissioned and in 
accordance with the Engagement Terms for 
the commission supplied at the time of 
proposal.  Unauthorised use of this report in 
any form whatsoever is prohibited. 

Borehole and Test Pit Logs 
The borehole and test pit logs presented in this 
report are an engineering and/or geological 
interpretation of the subsurface conditions, 
and their reliability will depend to some extent 
on frequency of sampling and the method of 
drilling or excavation.  Ideally, continuous 
undisturbed sampling or core drilling will 
provide the most reliable assessment, but this 
is not always practicable or possible to justify 
on economic grounds.  In any case the 
boreholes and test pits represent only a very 
small sample of the total subsurface profile. 

Interpretation of the information and its 
application to design and construction should 
therefore take into account the spacing of 
boreholes or pits, the frequency of sampling, 
and the possibility of other than 'straight line' 
variations between the test locations. 

Groundwater 
Where groundwater levels are measured in 
boreholes there are several potential 
problems, namely: 

• In low permeability soils groundwater 
may enter the hole very slowly or perhaps 
not at all during the time the hole is left 
open; 

• A localised, perched water table may lead 
to an erroneous indication of the true 
water table; 

• Water table levels will vary from time to 
time with seasons or recent weather 

changes.  They may not be the same at 
the time of construction as are indicated 
in the report; and 

• The use of water or mud as a drilling fluid 
will mask any groundwater inflow.  Water 
has to be blown out of the hole and 
drilling mud must first be washed out of 
the hole if water measurements are to be 
made. 

More reliable measurements can be made by 
installing standpipes which are read at 
intervals over several days, or perhaps weeks 
for low permeability soils.  Piezometers, sealed 
in a particular stratum, may be advisable in low 
permeability soils or where there may be 
interference from a perched water table. 

Reports 
The report has been prepared by qualified 
personnel, is based on the information 
obtained from field and laboratory testing, and 
has been undertaken to current engineering 
standards of interpretation and analysis.  
Where the report has been prepared for a 
specific design proposal, the information and 
interpretation may not be relevant if the 
design proposal is changed.  If this happens, 
Douglas will be pleased to review the report 
and the sufficiency of the investigation work. 

Every care is taken with the report as it relates 
to interpretation of subsurface conditions, 
discussion of geotechnical and environmental 
aspects, and recommendations or 
suggestions for design and construction.  
However, Douglas cannot always anticipate or 
assume responsibility for: 

• Unexpected variations in ground 
conditions.  The potential for this will 
depend partly on borehole or pit spacing 
and sampling frequency; 

• Changes in policy or interpretations of 
policy by statutory authorities; or 

• The actions of contractors responding to 
commercial pressures. 

If these occur, Douglas will be pleased to assist 
with investigations or advice to resolve the 
matter. 
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Site Anomalies 
In the event that conditions encountered on 
site during construction appear to vary from 
those which were expected from the 
information contained in the report, Douglas 
requests that it be immediately notified.  Most 
problems are much more readily resolved 
when conditions are exposed rather than at 
some later stage, well after the event. 

Information for Contractual Purposes 
Where information obtained from this report 
is provided for tendering purposes, it is 
recommended that all information, including 
the written report and discussion, be made 
available.  In circumstances where the 
discussion or comments section is not relevant 
to the contractual situation, it may be 
appropriate to prepare a specially edited 
document.  Douglas would be pleased to 
assist in this regard and/or to make additional 
report copies available for contract purposes 
at a nominal charge. 

Site Inspection 
The company will always be pleased to provide 
engineering inspection services for 
geotechnical and environmental aspects of 
work to which this report is related.  This could 
range from a site visit to confirm that 
conditions exposed are as expected, to full 
time engineering presence on site. 
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Appendix C 
 

 RGS Bore Logs (MW1 to MW4) 
Douglas Bore Logs (101 to 105) (219536.00 and 
219536.01) 
Slug Test Analysis Report Sheets (MW1, MW3, 
MW4 and 101 to 104) 
Double Ring Infiltrometer Test Sheets (201 to 212) 
Figure 1 – Groundwater Level vs Rainfall (MW1, 
MW3, MW4 and 105) 
Figure 2 – Groundwater Level vs Rainfall (101 to 
104) 

 




































































































































	Cover Page
	Document History
	Table of Contents
	1. Introduction
	2. Scope of Work
	3. Proposed Development
	4. Site Description
	5. Published Data
	5.1 Topography
	5.2 Geology
	5.3 Registered groundwater bores
	5.4 Surface water
	5.5 Salinity
	5.6 Acid sulfate soils
	5.7 Groundwater dependant ecosystems (GDEs)

	6. Previous Investigations
	6.1 Detailed site investigation – Regional Geotechnical Solutions (RGS, 2022; RGS, 2023)
	6.2 Groundwater study and preliminary groundwater investigation – Douglas (Douglas, 2023; Douglas, 2024a)
	6.3 Infiltration testing – Douglas (Douglas, 2024b)
	6.4 Groundwater monitoring – Douglas (Douglas, 2024c)

	7. Groundwater Flow
	8. Conceptual Hydrogeological Model
	8.1 Pre-development
	8.2 Post-development

	9. Numerical Modelling
	9.1 Overview
	9.2 Model cases
	9.3 Model layers
	9.4 Model extents and boundary conditions
	9.5 Model parameters
	9.6 Recharge and Evapotranspiration
	9.7 Visual MODFLOW Flex settings
	9.8 Pre-development groundwater model
	9.9 Post-development groundwater model
	9.10 Limitations of modelling

	10. Estimated Groundwater Impacts
	10.1 Proposed development impacts
	10.2 Off site impacts

	11. Conclusions
	12. References
	13. Limitations
	Appendix A
	Appendix B
	Appendix C

